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AB Bisphosphonates induce osteoclast apoptosis, thereby decreasing bone 

resorption and reducing the rate of bone remodeling. Earlier work from 
our group and others has demonstrated that, addnl . , bisphosphonates 
prevent osteoblast and osteocyte apoptosis in vivo and in vitro, raising 
the possibility that perhaps part of their anti-fracture efficacy may 
result from preserving the integrity of the osteocyte network and 
prolonging the working time of bone forming cells. Whereas induction of 
osteoclast apoptosis results from inhibition of the mevalonate pathway or 
from conversion to toxic ATP analogs, prevention of osteoblastic cell 
apoptosis is mediated by connexin43 hemichannel opening and activation of 
the extracellular signal -regulated kinases (ERKs) . We examined here the 
ability of several bisphosphonates, including novel analogs, to exert 
these two effects. All 16 bisphosphonates studied inhibited 
etoposide-induced apoptosis of MLO-Y4 osteocytic cells and osteoblastic 
cells derived from calvaria, with EC50 between 10-12 and 10-10 M. On the 
other hand, only 10 analogs induced apoptosis of RAW-264 . 7-cell-derived 
osteoclasts. Each of the 6 bisphosphonates that lack pro-apoptotic 
activity in osteoclasts but retain anti-apoptotic activity in osteoblasts 
and osteocytes has a structural -related analog that is active in both cell 
types. These findings indicate that the structural prerequisites for the 
anti-apoptotic effect of bisphosphonates on cells of the osteoblastic 
lineage are less stringent than the ones required to induce osteoclast 
apoptosis and confirm that bisphosphonates act on the two cell types by 
distinct mechanisms. Preservation of osteoblast and osteocyte viability 
without inducing osteoclast apoptosis by these bisphosphonates analogs 
opens new. possibilities for the treatment of bone fragility in conditions 
in which a decrease in bone, remodeling is not desirable. 
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This procedure consists in the first stage, of the administration of 
enough quantity of bisphosphonate preparation during the necessary period of 
time to acquire a degree of volumetric mineral d. of the cortical tissue 
of application, within the normal range (average IDS) . Then the 
administration of the bisphosphonate preparation is interruption in order to 
enable the development of the sectional momentum of inertia. The length 
of the second stage can be determined by means of a tomog. That is to say, 
that the periods of administration or non-administration of the 
mineralizing agent are defined or controlled by precise osteol . variables 
and therefore are not fixed. If during the second stage the cortical 
mineral d. drops by 6-10% of the maximum value previously obtained, 
administration of bisphosphonate preparation should be resumed until the 
corresponding maximum adjusted value is reached again. The proposed 
procedure of a period with bisphosphonate followed by another period 
without the bisphosphonate agent improves fracture resistance, provided 
that the length of both periods is controlled by defined osteol. 
variables. 
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AB y8 T cells are the first line of defense against many 

infectious organisms and are also involved in tumor cell surveillance and 
killing. They are stimulated by a broad range of small, phosphorus -containing 
antigens (phosphoantigens) as well as by the bisphosphonates commonly used 
in bone resorption therapy, such as pamidronate and risedronate. Here, we 
report the activation of y5 T cells by a broad range of 
bisphosphonates and develop a pharmacophore model for yS T 
cell activation, in addition to using a comparative mol . similarity index 
anal. (CoMSIA) approach to make quant, relationships between 
yS T cell activation by bisphosphonates and their 

three-dimensional structures. The CoMSIA analyses yielded R2 values of 
.apprx. 0 . 8-0 . 9 and q2 values of . apprx. 0 . 5-0 . 6 for a training set of 45 
compds. Using an external test set, the activities (IC50 values) of 16 
compds. were predicted within a factor of 4.5, on average The CoMSIA fields 
consisted of .apprx. 40% hydrophobic, .apprx. 40% electrostatic, and 
.apprx. 20% steric interactions. Since bisphosphonates are known to be 
potent, nanomolar inhibitors of the mevalonate/isoprene pathway enzyme 
farnesyl pyrophosphate synthase (FPPS) , we also compared the 
pharmacophores for yS T cell activation with those for FPPS 
inhibition, using the Catalyst program. The pharmacophores for 
y5 T cell activation and FPPS inhibition both consisted of two 
neg. ionizable groups, a pos . charge feature and an endocyclic carbon 
feature, all having very similar spatial dispositions. In addition, the 
CoMSIA fields were quite similar to those found for FPPS inhibition by 
bisphosphonates. The activities of the bisphosphonates in yS 
T cell activation were highly correlated with their activities in FPPS 
inhibition: R = 0.88, p = 0.002, vs. a human recombinant FPPS (N = 9 
compds.) ; R = 0.82, p < 0.0001, for an expressed Leishmania major FPPS (N 
= 45 compds.). The bisphosphonate y5 T cell activation 

pharmacophore differs considerably, however, from that reported previously 
for y5 T cell activation by phosphoantigens (Gossman, W.; 
Oldfield, E. J. Med. Chemical 2002, 45, 4868-4874), suggesting different 
primary targets for the two classes of compds. The ability to quite 
accurately predict the activity of bisphosphonates as y5 T 
cell activators by using 3D QSAR techniques can be expected to help 
facilitate the design of addnl . bisphosphonates for potential use in 
immunotherapy . 
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AB The mol. mechanisms as well as the structure/activity relationships 

involved in the antiresorptive actions of bisphosphonates on bone cells 
are still not clear. Replacement of the Rl-hydroxyl by an NH2 group in 
olpadronate (OPD) abolishes its antiresorptive activity. We show here 
that in the rat osteosarcoma-derived osteoblast-like ROS 17/2.8 cell line, 
OPD and IG-9402 (NH2 -OPD; [3 - (N, N-dimethylamine ) - 1 -aminopropylidene 
bisphosphonate] ) , similar to 1, 25 (OH) 2-vitamin D3 , rapidly modulate 
cytosolic calcium levels ([Ca2+]i). As for the steroid hormone, the 
osteosarcoma cell Ca2+i response to OPD was rapid (30 s) and sustained (>5 
min) , exhibiting a biphasic profile. The response to IG-9402 was also 
fast but smaller than that of OPD and l,25(OH)2D3, and rapidly declined to 
levels near basal. The effect of these bisphosphonates on [Ca2+]i was 
dose-dependent, being maximal at 108 M and was not observed in non-bone 
cellular systems, e.g., skeletal muscle and breast cells. Pretreatment of 
the ROS 17/2.8 cells with the Ca2 + channel blockers nifedipine and 
verapamil markedly reduced (>70%) the influx phase of the response to OPD 
and almost completely inhibited that of IG-9402, indicating the 
participation of voltage -dependent Ca2+ channels in the action of both 
compds. Moreover, preincubation with the phospholipase C inhibitors 
U73122 and neomycin or depletion of inner stores with thapsigargin 
completely blocked the response to either olpadronate or its amino-derivative 
Both OPD and IG-9402 significantly increased osteocalcin release into the 
culture medium of osteosarcoma cells. The results support the involvement 
of the Ca2+ signaling pathway as part of the mechanism by which 
bisphosphonates induce bone cellular responses. 
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The present invention relates to a composition for prevention and/or treatment 

of metabolic diseases of bones comprising at least one bisphosphonate; 

viscosity agents comprising CM-cellulose and xanthan gum; at least one 

flavoring agent; and purified water; a process for preparing a composition 

according to the present invention; and use of such a composition for 

prevention, treatment and/or diagnosis of metabolic diseases of bones, 

especially for children. A composition contained sodium alendronate, Avicel RC591, 

xanthan gum and other excipients to form a solution 
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AB Bisphosphonates (BPs) are pyrophosphate analogs in which the oxygen in 

P-O-P has been replaced by a carbon, resulting in a metabolically stable 
P-C-P structure. Pamidronate (lb, Novartis), a second-generation BP, was 
the starting point for extensive SAR studies. Small changes of the 
structure of pamidronate lead to marked improvements of the inhibition of 
osteoclastic resorption potency. Alendronate (lc, MSD) , with an extra 
methylene group in the N-alkyl chain, and olpadronate (lh, Gador) , the 
N,N-di-Me analog, are about 10 times more potent than pamidronate. 
Extending one of the N-Me groups of olpadronate to a pentyl substituent 
leads to ibandronate (Ik, Roche, Boehringer-Mannheim) , which is the most 
potent close analog of pamidronate. Even slightly better antiresorptive 
potency is achieved with derivs . having a Ph group linked via a short 
aliphatic tether of three to four atoms to nitrogen, the second substituent 
being preferentially a Me group (e.g., 4g, 4 j , 5d, or 5r) . The most 
potent BPs are found in the series containing a heteroarom. moiety (with at 
least one nitrogen atom) , which is linked via a single methylene group to 
the geminal bisphosphonate unit. Zoledronic acid (6i) , the most potent 
derivative, has an ED50 of 0.07 mg/kg in the TPTX in vivo assay after s.c. 
administration. It not only shows by far the highest therapeutic ratio 
when comparing resorption inhibition with undesired inhibition of bone 
mineralization but also exhibits superior renal tolerability . Zoledronic 
acid (6i) has thus been selected for clin. development under the 
registered trade name Zometa. The results of the clin. trials indicate 
that low doses are both efficacious and safe for the treatment of 
tumor-induced hypercalcemia, Paget 1 s disease of bone, osteolytic 
metastases, and postmenopausal osteoporosis. 
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AB Nitrogen-containing bisphosphonates (NBps) are taken up by osteoclasts and 
inhibit farnesyl pyrophosphate synthase, an enzyme of the mevalonate 
pathway. There is evidence, however, that cells other than mature 
osteoclasts, like osteoclast precursors and osteoblasts, are also involved 
in the action of Bps on bone resorption in vitro. To examine this issue 
further, we developed a new in vitro model, which allows the study of the 
effects of additives on early osteoclast precursors. In this model, 
osteogenic cells are essential for osteoclastogenesis . The model consists 
of 15-day-old fetal mouse metatarsals. At time of expiantation, these 
bone rudiments do not yet contain a mineralized matrix or osteoclasts; 
only early osteoclast precursors are present in the perichondrium. During 
culture and after the addition of Nap-glycerolphosphate , the bones form 
a mineralized matrix that is consequently resorbed by osteoclasts that 
develop from their precursors. Short treatment of these explants with 
Bps, before the formation of a mineralized matrix, resulted in a 
subsequent dose-dependent inhibition of bone resorption. The relative 
potencies of eight Bps to suppress resorption were comparable with those 
observed after the addition of Bps after the formation of a mineralized matrix, 
the natural target of Bps. In addition, the effects of the NBp olpadronate, 
but not of clodronate, on osteoclastic resorption, could be partly 
reversed by geranylgeraniol . Results indicate that Bps can suppress 
osteoclastic resorption in vitro by a direct action on very early 
osteoclast precursors at the bone surface, and not by affecting the 
osteoclastogenic capacity of osteogenic cells. Moreover, the mechanism of 
action of the NBp olpadronate, but not clodronate, on early 
tartrate-resistant acid phosphatase-neg . osteoclast precursors involves 
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inhibition of protein geranylgeranylation, indicating a mol . mechanism 
similar to that established for mature osteoclasts. 
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OTHER SOURCE (S): MAR PAT 135:14356 

AB The invention discloses phosphonate compds., compns . containing them, 
processes for obtaining them, and their use for treating a variety of 
medical disorders, e.g. osteoporosis and other disorders of bone metabolism 
cancer, and viral infections. Preparation of compds . of the invention, e.g 
1-O-hexadecylpropanediol- 3 -alendronate, is described. 

IT 63132-38-7D, derivs . 

RL: BAC (Biological activity or effector, except adverse); BSU (Biological 
study, unclassified) ; THU (Therapeutic use) ; BIOL (Biological 
study) ; USES (Uses) 

(phosphonate compds., and preparation thereof, for treating medical 
disorders) 
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CN Phosphonic acid, P, P 1 - [l-amino^3 - (dimethylamino) propylidene] bis- (CA 
INDEX NAME) 
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H 2 N- C- CH2~ CH2~~NMe2 
P0 3 H 2 
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The present invention is related to 
manufacture of a medicament for the 



the use of a bisphosphonate for the 
treatment of osteogenesis imperfecta 
characterized in that the bisphosphonate is administered in a first stage 
and the bisphosphonate is not administered in a second stage, wherein the 
first stage is for obtaining a defined bone mineral d. and the second 
stage is for architectonic expansion of the bone. An example is given 
showing specific improvement of conical mineral d. 
bisphosphonates . 
63132-38-7, IG 9402 

RL: THU (Therapeutic use); BIOL (Biological study) 

(IG 9402; bisphosphates for treatment of osteogenesis imperfecta) 
63132-38-7 HCAPLUS 

Phosphonic acid, P,P'- [l-amino-3 - (dimethylamino) propylidene] bis- (CA 
INDEX NAME) 



on administration of 



USES (Uses) 
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H 2 N- C- CH 2 - CH 2 -NMe 2 
P0 3 H 2 
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AB The present invention is a method and composition to increase bone strength in 
a manner that decreases fracture incidence, which may or may not include 
increasing bone mineral d. ("BMD"). The invention includes administering 
an effective amount of a bisphosphonate to a host in need thereof to 
increase bone strength, which inhibits the apoptosis of osteoblasts and 
osteocytes, without a significant effect on osteoclasts. In one 
embodiment, the bisphosphonate is not l-amino-3- (N, N-dimethylamino) - 
propyliden-1 , 1-bisphosphonic acid or its pharmaceutically acceptable salt. 
An increase in osteoblast life span can lead to an increase in bone mass, 
i.e., an anabolic effect. Preservation of osteocyte life span can 
increase bone strength, which may be disproportional to the increase in 
bone mass. Pretreatment of osteocytes with bisphosphonates for lh before 
the addition of 10-6 M dexamethasone inhibited glucocorticoid-induced 
apoptosis, with minimal effective concentration between 10-9-10-8 M. 

IT 63132-38-7, IG 9402 63132-38-7D, IG 9402, salts 

RL: BAC (Biological activity or effector, except adverse); BSU (Biological 
study, unclassified) ; THU (Therapeutic use) / BIOL (Biological 
study) ; USES (Uses) 

(increasing bone strength with selected bisphosphonates) 

RN 63132-38-7 HCAPLUS 

CN Phosphonic acid, P, P '- [l-amino-3 - (dimethylamino) propylidene] bis- (CA 
INDEX NAME) 



P0 3 H 2 

H 2 N- C~ CH 2 ~ CH 2 — NMe 2 
P03H 2 
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H 2 N- C- CH 2 - CH 2 — NMe 2 
P0 3 H 2 
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IT 



RN 
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The invention relates to the use of l-amino-3 - (N, N- dimethyl amino) - 
propylidene-1, 1-bisphosphonic acid (amino-substituted form of 
olpadronate), or a soluble salt or hydrate thereof, in particular for the 
manufacture of a medicament for selective modulation of osteoblasts. 
63132-38-7 63132-38-7D, analogs 

RL: BAC (Biological activity or effector, except adverse); BSU (Biological 
study, unclassified) ; THU (Therapeutic use) ; BIOL (Biological 
study) ; USES (Uses) 

(l-amino-3- (N, N-dimethylamino) -propylidene-1, l-bisphosphbnic acid for 
osteoblast modulation) 
63132-38-7 HCAPLUS 

Phosphonic acid, P,P'- [1 -amino-3 - (dimethylamino) propylidene] bis- (CA 
INDEX NAME) 



P0 3 H 2 

H2N- C- CH 2 ~ CH 2 -NMe 2 
PO3H2 



RN 63132-38-7 HCAPLUS 

CN Phosphonic acid, P,P'- [l-amino-3 - (dimethylamino) propylidene] bis- 
INDEX NAME) 



(CA 



PO3H2 

H 2 N~ C- CH 2 - CH 2 -NMe 2 
P03H 2 
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ACCESSION NUMBER: 1999:738897 HCAPLUS 
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TITLE: Prevention of osteocyte and osteoblast apoptosis by 

bisphosphonates and calcitonin 
AUTHOR(S): Plotkin, Lilian I.; Weinstein # Robert S.; Parfi'tt, A. 

Michael; Roberson, Paula K. ; Manolagas, Stavros C; 

Bellido, Teresita 

CORPORATE SOURCE: Division of Endocrinology and Metabolism, Center for 

Osteoporosis and Metabolic Bone Diseases, University 
of Arkansas for Medical Sciences, Little Rock, AR, 
72205, USA 

SOURCE: Journal of Clinical Investigation (1999), 104(10), 

1363-1374 

CODEN: JCINAO; ISSN: 0021-9738 
PUBLISHER: American Society for Clinical Investigation 

DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Glucocorticoid- induced osteoporosis may be due, in part, to increased 
apoptosis of osteocytes and osteoblasts, and bisphosphonates (BPs) are 
effective in the management of this condition. We have tested the 
hypothesis that BPs suppress apoptosis in these cell types. Etidronate, 
alendronate, pamidronate, olpadronate, or amino-olpadronate (IG94 02, a 
bisphosphonate that lacks antiresorptive activity) at 10-9 to 10-6 M 
prevented apoptosis of murine osteocytic MLO-Y4 cells, whether it was 
induced by etoposide, TNF-a, or the synthetic glucocorticoid 
dexamethasone. BPs also inhibited apoptosis of primary murine 
osteoblastic cells isolated from calvaria. Similar antiapoptotic effects 
on MLO-Y4 and osteoblastic cells were seen with nanomolar concns . of the 
peptide hormone calcitonin. The antiapoptotic effect of BPs and 
calcitonin was associated with a rapid increase in the phosphorylated 
fraction of extracellular signal regulated kinases (ERKs) and was blocked 
by specific inhibitors of ERK activation. Consistent with these in vitro 
results, alendronate abolished the increased prevalence of apoptosis in 
vertebral cancellous bone osteocytes and osteoblasts that follows 
prednisolone administration to mice. These results suggest that the . 
therapeutic efficacy of BPs or calcitonin in diseases such as 
glucocorticoid-induced osteoporosis may be due, in part, to their ability 
to prevent osteocyte and osteoblast apoptosis. 

IT 63132-38-7, IG 9402 

RL: BAC (Biological activity or effector, except adverse); BSU (Biological 
study, unclassified); THU (Therapeutic use); BIOL (Biological 
study) ; USES (Uses) 

(prevention of osteocyte and osteoblast apoptosis by bisphosphonates 
and calcitonin) 
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H2N- C- CH2- CH2 — NMe2 
PO3H2 



REFERENCE COUNT: 



L9 ANSWER 13 OF 15 
ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE : 



68 . THERE ARE 68 CITED REFERENCES AVAILABLE FOR THIS 
.RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 

HCAPLUS COPYRIGHT 2 007 ACS on STN 
1999:140267 HCAPLUS 
130:332835 

Nitrogen-containing bisphosphonates inhibit 



Roy P. Issac 



Page 13 



,72 9 olpadronate 



02/09/2007 



isopentenyl pyrophosphate isomerase/f arnesyl 

pyrophosphate synthase activity with relative 

potencies corresponding to their antiresorptive 

potencies in vitro and in vivo 
AUTHOR (S) : Van Beek, Ermond; Pieterman, Elsbet; Cohen, Louis; 

Lowik, Clemens; Papapoulos, Socrates 
CORPORATE SOURCE: Department of Endocrinology and Metabolic Diseases, 
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SOURCE: Biochemical and Biophysical Research Communications 
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PUBLISHER: Academic Press 

DOCUMENT TYPE: Journal 
.LANGUAGE: English 

AB Bisphosphonates, synthetic compds . which suppress bone resorption, are 
used in the treatment of skeletal disorders. Their mode of action and 
intracellular targets have not yet been identified. Recent evidence 
suggested that enzymes of the mevalonate pathway are the potential 
targets. In this study, we examined the effect of four potent nitrogen 
(N) -containing bisphosphonates, clodronate and NH2 -olpadronate, an inactive 
analog of olpadronate, on isopentenyl pyrophosphate isomerase/f arnesyl 
pyrophosphate synthase, geranylgeranyl pyrophosphate synthase, and protein 
geranylgeranyl transferase I activity. We found that all N-containing 
bisphosphonates inhibited isopentenyl pyrophosphate isomerase/f arnesyl 
pyrophosphate synthase activity dose dependently with relative potencies 
corresponding to their anti-resorptive potencies in vitro and in vivo, 
whereas clodronate and NH2 -olpadronate had no effect. Furthermore, none 
of the bisphosphonates tested affected geranylgeranyl pyrophosphate 
synthase or geranylgeranyl transferase I activity. Our study reveals for 
the first time the intracellular target of N-containing bisphosphonates and 
supports the view that all bisphosphonates do not share the same mol . 
mechanism of action. (c) 1999 Academic Press. 

IT 63132-38-7, NH2 -olpadronate 

RL: BAC (Biological activity or effector, except adverse); BSU (Biological 
study, unclassified) ; THU (Therapeutic use) ;. BIOL (Biological 
study) ; USES (Uses) 

(nitrogen-containing bisphosphonates inhibit IPP isomerase/FPP synthase 
activity with relative potencies corresponding to their antiresorptive 
potencies in vitro and in vivo) 
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PO3H2 
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1-Aminoalkylidene-l, 1-bisphosphonic acids, RC(NH2) [P(O) (OH) 2] 2 (R = Cl-9 
straight-chain or branched aliphatic hydrocarbon radical which is optionally 
•substituted by one or more amino or aminoalkyl groups with the exception 
of a terminal aminoalkyl group NR1R2; Rl = Cl-9 straight -chain or 
branched, saturated or unsatd. aliphatic hydrocarbon radical, R2 = cyclohexyl or 
cyclohexylmethyl, benzyl or a straight-chain or branched, C4-18 saturated or 
unsatd. aliphatic hydrocarbon radical, as a single substituent of R) or any 
salts thereof, useful for treatment of disorders of calcium and bone 
metabolism, is described. Thus, hydrolysis of PC13 gave phosphorus acid which 
on treatment with MeCN in MeOH followed by acidic workup gave 100% 
MeC (NH2 ) [P(O) (OH) 2] 2. Some binding of compds . prepared with bone materials 
is described. 
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(preparation and bone binding activity of amino-substituted bisphosphonic 

acids) 
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AB The purpose of this study Was to examine the role of the Rl moiety of 

bisphosphonates in binding to bone mineral and for antiresorptive action. 
For this, the Rl chain of three clin. useful hydroxybisphosphonates 
(etidronate, pamidronate, and olpadronate) was substituted with an amino 
group. The effects of the amino- substituted bisphosphonates were compared 
with those of their hydroxy counterparts in a crystal growth assay and in 
fetal mouse long. bone cultures which are representative of bisphosphonate 
actions in vivo. It was found that all three amino- subst ituted compds. 
and their hydroxy analogs bound with similar affinity to bone mineral and 
inhibited the growth of calcium oxalate crystals to the same extent. 
Surprisingly, the antiresorptive effect of olpadronate was totally 
abolished by the amino substitution of the hydroxyl group while that of 
pamidronate was reduced by about six- fold and that of etidronate did not 
change. These studies demonstrate the involvement of the entire 
bisphosphonate mol . in the cellular mechanism of antiresorptive action. 
In addit ion, the amino- substituted analog of olpadronate, which lacks any 
antiresorptive action but retains all other properties of olpadronate, 
provides an excellent tool for the study of specific cellular effects 
involved in bisphosphonate action. 
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